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ABSTRACT 


Drought occurrence is caused by the breaking of water balance, which usually 
leads to negative impact on agriculture, as well as ecological and socio¬ 
economic spheres. The main purpose of the current study is to conduct 
drought assessment over Kano State, Nigeria for 2018. We used two different 
drought indices including Standardized Precipitation Index (SPI) and the 
Normalized Difference Vegetation Index (NDVI). Meteorological data on 
precipitation was used to compute the Standardized Precipitation Index, and 
Normalized Difference Vegetation Index was generated from MODIS-NDVI 
data sets. The conventional SPI classification scheme which categorize drought 
under seven groups was used along with the NDVI values which ranges from - 
1 to +1. Results indicate a near normal condition in the study area. 
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INTRODUCTION 

Drought phenomenon is recognized as one of the most 
destructive natural disasters which can occur practically 
everywhere on earth irrespective of climate regime 
(Schubert et al., 2016; WMO, 2016). Drought is normally 
characterized by a range of negative impacts including 
reduced water supply, deteriorated water quality, disturbed 
riparian habitats, land degradation and desertification, crop 
failure and food shortage, deaths and mass migration, and so 
forth. Therefore, it usually induces a decrease in worldwide 
terrestrial net primary production (Zhao and Running, 
2010). Drought can be defined as a dangerous natural hazard 
as a result of insufficiency of precipitation from anticipated 
or "normal" that, when extended over a season or longer, is 
inadequate to meet the demands of human activities and the 
environment (Wilhite and Buchanan-Smith, 2005). Several 
definitions of drought are in the literature. Nevertheless, 
practically all the definitions emphasize the deficiency of 
precipitation (e,gLinsely etal., 1959; Gumbel, 1963; Palmer, 
1965; FAO, 1983; WMO, 1986; Dai, 2010; Mastrangelo et al., 
2012 ). 

By and large, droughts are normally classified into four 
major categories including agricultural, hydrological, 
meteorological, and socio-economic droughts (Wilhite and 
Glantz 1985; AMS 2004; Srivastava and Singh, 2019). 
Agricultural drought is a total soil moisture deficit; 
hydrological drought is a shortage of stream flow; 
Meteorological drought is precipitation deficit; and socio¬ 
economic drought is associated with the shortage of some 
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economic goods affected by the drought process (Heim, 
2000; Keyantash and Dracup, 2002; Hennessy et al., 2008). 

Over the years, a number of drought indicators and indices 
have been developed around the woeld (WMO, 2012). Some 
of this indicators and indices can be assessed in the 
handbook of drought indicators and indices published by the 
World Meteorological Organization in 2016. They are 
essential in monitoring diverse aspects of the hydrologic 
succession. Drought indicators are variables or parameters 
normally used to portray the drought conditions. These 
parameters include precipitation, temperature, stream flow, 
groundwater and reservoir levels, soil moisture and 
snowpack etc. Furthermore, drought indices are numerically 
calculated representations of drought severity based on 
climatic or hydro-meteorological data including the 
indicators. Though, there are a number of indices to quantify 
drought using meteorological data, the Standardized 
Precipitation Index (SPI) is the most widely used index (Jain 
et al., 2010). The SPI was formulated (Mckee et al., 1993) 
based on the probability of precipitation for any time scale. It 
makes drought assessment easier and has a wide range of 
meteorological, hydrological and agricultural applications 
(Hayes, 1999). However, remote sensing data and methods 
are critical tools for studying the spatiotemporal evaluation 
and the underlying drivers of droughts due to limited 
availability and inconsistency of drought-related in-situ data 
(Okeke and Mohammed; Rojas et al., 2011; Naumann, et al., 
2014). Remote sensing offers the opportunity to obtain 
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continuous, consistent and timely information on 
meteorological, hydrological and biophysical parameters 
over large areas and long time periods. The main objective of 
the current study is to evaluate drought occurrence in Kano 
State, Nigeria. The methodology encompasses the satellite- 
based generation of Normalized Difference Vegetation Index 
(NDVI) and computation of SPI from monthly meteorological 
data 

MATERIALS AND METHODS 

A. Description of the Study Area 

Kano State is located in the North region of Nigeria on a land 
mass of 20,280 square kilometers between latitudes 10 Q 30' 
and 12 Q 45' north of the equator, and longitudes 7- 10' and 
9 Q 20' east of the Greenwich Meridian (Figure 1]. It has 


common boundaries with Katsina State to the north-west, 
Jigawa State to the north-east, Bauchi State to the south-east 
and Kaduna State to the south-west. 

The study area which inhabits a total population of 
9,401,288 is predominantly characterized by primary socio¬ 
economic activities such as farming, local crafts, trading and 
livestock rearing among others. Subsistence and commercial 
agriculture is mostly practiced in the outlying districts of the 
state. Some of the food crops cultivated are millet, cowpeas, 
sorghum, maize and rice for local consumption while 
groundnuts and cotton are produced for export and 
industrial purposes. Other farm produce found in the study 
area include sesame, soybean, cotton, garlic, gum arabic and 
chili pepper. 



Fig.l: Location of the Study Area-( left is the map of Nigeria showing all the States of the federation with Kano 
depicted in red boundary; right is the map of Kano State showing all the Local Government Areas 

B. Data 

Satellite datasets and in-situ metrological data were appropriately utilized in conducting the current study. The MODIS-NDVI 
(MODllBl.A2018344.hl8v07.006.2018346211304.tif) which covers the study area was acquired for the period of the study 
(January to December, 2018) from the United States Geological Survey (USGS) archives at the University of Maryland, USA 
through the Earth explorer (www.earthexplorer.usgs.gov). Also, the Rainfall data of the study area for 2018 was acquired from 
NiMET (Nigerian Meteorological agency, Abuja). 

C. Drought Indices 

i. Normalized Difference Vegetation Index (NDVI) 

NDVI is used to classify drought conditions and determine the beginning, especially in areas where drought incident are 
localized and ill defined. It is normally computed using the following equation 

NDVI= (NIR-RED)/ (NIR-RED).[1] 

Where, NIR and RED are reflectance in the Near Infra-red and Red bands respectively. 

NDVI measures greenness and vigour of vegetation, and can be used to identify drought-related stress to vegetation. Its values 
usually ranges from -1 to +1, with values near zero indicating no green vegetation and values near +1 indicating the highest 
possible density of vegetation. Areas of barren rock, sand, and snow produce NDVI values of <0.1, while shrub and grassland 
typically produces NDVI values of 0.2-0.3. Also, temperate and tropical rainforests produce values in the 0.6-0.8 range. 
Generally, the magnitude and evolution of the NDVI for a particular location are mainly governed by meteorological 
variables such as precipitation, temperature, and relative humidity. 

ii. Standardized Precipitation Index (SPI) 

Even though there are many indices used in relation to drought such as for computing drought related parameters, assessing 
drought severity and classifying it, the SPI is the most extensively used index (Jain, 2010). Its calculation can be carried out at 
different time scales, and it can concurrently monitor dry conditions on a particular time scale and wet conditions on a 
dissimilar time-scale. By and large, the rainfall difference from the mean of an equal normally distributed function with a mean 
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0 and a standard deviation of 1 gives the SPI. Using a drought index, such as SPI, leads to more suitable understanding of 
drought duration, magnitude, and spatial extent in a given area (Karavitis et al. 2 011), hence its use in the current study based 
on the general values indicated in table 1. 


Category 

SPI 

Extreme drought 

-2 and less 

Severe drought 

-1.5 to -1.99 

Moderate drought 

-1.0 to-1.49 

Near normal 

-0.99 to 0.99 

Moderate wet 

1.0 to 1.49 

Severe wet 

1.5 to 1.99 

Extreme wet 

2.0 + 


Tablel: SPI Classification 


RESULTS AND DISCUSSIONS 

The results in this study are presented in figures 2 to 8, and table 2. Figures 2 to 7 shows monthly NDVI maps of the study area 
for 2018, and figure 8 depicts the trend in NDVI and SPI, while table 2 shows the statistics of monthly NDVI and SPI for each 
month. The NDVI statistics covers maximum, minimum, and mean NDVI values as well as the standard deviations of the NDVI 
values. Though, the mean NDVI values vary with month, they are positive throughout the study period, while the SPI values 
have both negative and positive values. 

The mean NDVI curve (Figure 8) reflects a nearly straight trend from January to May and increased gradually to August and 
September. There is a gradual decline from September to December. This is similar to the SPI curve (Figure 8), which though, 
depicts sharp curve in some months; it shows a nearly straight line from January to April from where it shows an abrupt 
increase. Also, there is a sudden fall in the SPI profile from July through October to December. 

It is observed from the results of this study that the months which exhibits low SPI equally shows low mean NDVI and the 
reverse is the case. The lowest and highest mean NDVI values are 0.208 (March, April] and 0.589 (August] respectively; while 
the lowest and highest SPI are -0.788 (January to April, November and December] and 1.821 (August] respectively. 

It is apparent from table 2 and Figure 8 that the SPI values from June to August falls within the threshold categorized as near 
normal and wet (table 1]. They are: June (1.357; moderately wet], July (0.953; near normal], August (1.821; very wet]. The 
mean NDVI for these months shows a similar trend in which case, the values from June to August are 0.112, 0.115, and 0.106 
respectively. Generally, NDVI values in this range signify healthy vegetation, which is to a reasonable extent a function of 
available water to the vegetation. Thus, it is justifiable to conclude that there was no drought occurrence from May to 
September of 2018 in Kano State. 

On the other hand, during the months of January to April and October to December, the SPI shows negative trend and the mean 
NDVI values reveal a low condition. The SPI values for these months are -0.788 apart from October which records -0.644. Of 
course, this is an indication of near normal condition in terms of drought classification (table 1]. Though, the SPI value for the 
months of May (0,512] and September (0.730] are positive, they fall within the same near normal condition. Moreover, the low 
values of the mean NDVI (table 2] for these months imply that the vegetation condition was not good enough, which may be 
attributed to lack of adequate water required by the vegetal cover. 



Figure 2: NDVI from Landsat of January (left) and February (right), 2018 
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Figure3: NDVI from Landsat of March (left) and April (right), 2018 
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Figure 4: NDVI from Landsat of May (left) and June (right), 2018 



NDVI MAP OF KANO STATE, NIGERIA (AUG, 2018) 
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Figure 5: NDVI from Landsat of July (left) and August (right), 2018 
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Figure 6: NDVI from Landsat of September (left) and October (right), 2018 


NDVI MAP OF KANO STATE, NIGERIA (NOV, 2018) 
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Figure 7: NDVI from Landsat of November (left) and December (right), 2018 


Table2: NDVI and SPI statistics 


Month 

NDVIwax 

NDVlMin 

NDVlMean 

NDVIsd 

SPI 

Jan 

0.595 

-0.200 

0.286 

0.051 

-0.788 

Feb 

0.469 

-0.199 

0.212 

0.037 

-0.788 

Mar 

0.465 

-0.198 

0.208 

0.043 

-0.788 

Apr 

0.590 

-0.196 

0.208 

0.046 

-0.788 

May 

0.710 

-0.197 

0.224 

0.082 

0.512 

Jun 

0.735 

-0.197 

0.330 

0.112 

1.357 

Jul 

0.866 

-0.196 

0.474 

0.115 

0.953 

Aug 

0.859 

-0.190 

0.589 

0.106 

1.821 

Sep 

0.790 

-0.200 

0.587 

0.103 

0.730 

Oct 

0.766 

-0.196 

0.506 

0.092 

-0.644 

Nov 

0.706 

-0.199 

0.351 

0.071 

-0.788 

Dec 

0.595 

-0.200 

0.286 

0.051 

-0.788 


Source: Authors' Lab work, 2019 
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Figure8: Line graph showing the trend in the NDVI and SPI 


NDVIMean 

SPI 


Conclusion 

Drought is a natural hazard that occurs through a slow 
process starting with precipitation deficit, through soil 
moisture deficit, to higher land surface temperature, and to 
poor vegetal condition. It is anticipated that the future will 
witness increased dynamics in Hydro-meteorological 
variables around the world which will lead to frequent 
droughts whose impacts will be compounded by growing 
water demands. 

The 12 months time series of NDVI and SPI for Kano State of 
Nigeria has been analyzed so as to explore their relationship, 
and to also use them to determine drought occurrence. The 
study reveals a consistent relationship between SPI and 
NDVI, and the absence of drought in some months, as well as 
near normal conditions in others. Finally, the results in this 
paper demonstrate the potency of monitoring drought by 
integrating satellite and in-situ data. 
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